Purpose: Cardiorenal syndrome type 1 (CRS1), defined as worsening renal function from acute decompensated congestive heart failure (ADCHF), is complicated by the fact that CRS1 limits the use of common therapeutic strategies, such as angiotensin converting-enzyme inhibitors (ACEIs) or angiotensin II-receptor blockers (A2RB). The present study examines retrospectively the role of ACEI/A2RB usage on in-hospital mortality among elderly ADCHF patients, in particular those who developed CRS1. Methods: We retrospectively examined the effects of ACEI/A2RB usage and CRS1 development (in-hospital change in serum creatinine ≥0.3 mg/dL or ≥0.5 mg/dL), as well as their potential interaction, on in-hospital mortality among elderly ADCHF patients (aged ≥65 years). Employing univariate and multivariate analyses, we performed risk-factor analysis on a cohort of 419 patients (51 nonsurvivors [12.2%]) for whom we had complete clinical and laboratory data (median follow-up 5 days) from 2,361 consecutive elderly ADCHF patients (106 nonsurvivors [4.6%]). Results: By multivariate analysis, the two strongest independent predictors of in-hospital mortality were CRS1 development (OR 7.8, 95% CI 3.9-15.5; P=0.00001) and lack of ACEI/A2RB usage (OR 0.49, P=0.043). The effect of CRS1 was graded, with increasing CRS1 severity associated with increased mortality. On multivariate subgroup analysis, the association between lack of ACEI/A2RB usage and increased mortality remained a significant independent predictor among patients not developing CRS1 (OR 0.24, P=0.011). Conclusion: Our data suggest that development of CRS1 and lack of ACEI/A2RB usage are statistically independent predictors of in-hospital mortality for elderly ADCHF patients, with CRS1 being the stronger of the two risk factors. While it remains unclear whether lack of ACEI/ A2RB usage is causally related to increased mortality or reflects another risk factor inducing physicians to forego ACEIs/A2RBs, our findings nevertheless indicate the need to address this issue in future prospective studies.
Introduction
Worsening renal function (WRF) is a common complication among patients hospitalized with acute decompensated congestive heart failure (ADCHF). 1 Cardiorenal syndrome type 1 (CRS1) is defined as WRF occurring as a result of ADCHF. 1 Large registries have revealed that a sizable proportion of patients hospitalized with ADCHF are elderly (≥65 years of age), and moreover that the elderly are particularly prone to CRS1. 2, 3 Indeed, CRS1 occurs in 25%-33% of all patients and 50% of elderly patients admitted with ADCHF. 2, 3 CRS1 is associated with increased resource utilization, morbidity, and mortality. 4, 5 In addition, complications associated with CRS1, such as anemia and volume overload, may worsen the clinical course of ADCHF. 1, 6 Management of ADCHF is complicated by the fact that CRS1 or concerns regarding its development often limit the use of common therapeutic strategies, such as inhibition of the renin-angiotensin-aldosterone system (RAAS) and/or escalation of diuretic therapy. 5, [7] [8] [9] Although WRF may be transient in ADCHF patients, RAAS inhibition and/or escalation of diuretic therapy may in themselves lead to WRF, further complicating the clinical picture. [10] [11] [12] [13] [14] An important question for patients hospitalized with ADCHF is at what level of WRF RAAS inhibitions lose its survival advantage. 8, 15 For example, in patients with chronic CHF, the benefits of RAAS inhibition are maintained for rises of serum creatinine (SCr) up to 30%-50%. 16, 17 Unfortunately, similar data in the case of ADCHF remain scarce. Despite the clear benefits of RAAS inhibition for patients with chronic CHF, the survival benefits of RAAS inhibition in patients with ADCHF have not yet been definitively established. For example, in a study by Kittleson et al, circulatory and/or renal limitations of angiotensin converting-enzyme inhibitor (ACEI) usage, including WRF, hyperkalemia, and symptomatic hypotension, were documented in 23% of patients admitted for ADCHF, and accounted for their failure to be on ACEIs at discharge. 13 Patients not receiving ACEIs on discharge were more than twice as likely to die during the following year. The authors concluded that circulatory and/ or renal limitations of ACEI usage, of which WRF comprised ~5 0%, were a marker of patients at increased risk of death. However, recently the association between WRF and poor outcomes in all ADCHF patients undergoing therapy has been challenged. 9, 10 For these reasons, the management of elderly ADCHF patients with CRS1 can be particularly challenging in terms of balancing the risks of WRF against the benefits of maximized therapy to improve ADCHF.
The purpose of the present study was to examine retrospectively the effect of RAAS inhibition on short-term inhospital mortality for elderly ADCHF patients in general, and in particular for the subset of ADCHF patients who develop CRS1. Our study population consisted of 2,361 consecutive elderly patients admitted to a 500-bed nonteaching community hospital with a diagnosis of ADCHF. Risk-factor analysis was limited to a cohort of 419 patients for whom we had complete clinical and laboratory data.
Methods Patients
To identify risk factors associated with in-hospital mortality (1-35 days) among elderly patients (aged ≥65 years) with a diagnosis of ADCHF, we reviewed the clinical course of 2,361 consecutive patients admitted for ADCHF. Specifically, we examined the impact on mortality of the development of CRS1 (defined as WRF occurring during ADCHF) and/or the use of RAAS inhibition as a therapeutic modality. We limited our risk-factor analysis to a cohort of 419 patients for whom we had sufficient clinical and laboratory data. All patients were admitted between 18 Patients with ADCHF were those given the diagnosis-related group (DRG) code 127 and ICD9-CM codes 428, 398.91, 402.01, 402.11, 402.91, 404.00, 404.10-13, and 404.90-93. For patients not in the cohort of 419, in whom specific laboratory data were lacking, the development of WRF was identified by ICD9-CM coding for acute kidney injury: 404.12, 404.13, 584.9, 584.5, 584.6, 584.9, and 586. 19 All DRG and ICD9-CM codes were entered by professional coders who were approved by the respective agencies. All study patients had at least one sign or symptom consistent with the diagnosis of ADCHF, including dyspnea at rest, dyspnea with minimal exertion, peripheral edema, pulmonary rales, or radiological evidence of CHF. A diagnosis of coronary artery disease (CAD) required the presence of at least one of the following in the medical record: previous myocardial infarction, history of coronary artery bypass graft, history of percutaneous coronary angioplasty, positive coronary angiography, or positive noninvasive cardiac testing. Evaluation included serum sodium, blood urea nitrogen (BUN), hematocrit (Hct), SCr, plasma brain natriuretic peptide (BNP), peak SCr during hospitalization, medications, 
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Iglesias et al comorbidities, demographics, and admission physiological variables. Medications, comorbidities, and demographic variables were abstracted from the medical record. Estimated glomerular filtration rate (eGFR) was determined from the simplified equation developed by the Modification of Diet in Renal Disease study. 20 Within the cohort of 419 patients with complete laboratory data, we stratified CRS1 into two categories based on the magnitude of the peak rise in SCr occurring at any time within the period of hospitalization: change in SCr (∆SCr) ≥0.3 mg/dL and ∆SCr ≥0.5 mg/dL. The choice of these two thresholds, while arbitrary, was based upon previous research showing that a threshold ∆SCr ≥0.3 mg/ dL was associated with longer hospital stay and increased mortality, both in the hospital and long term. 5 The study was undertaken in accordance with the principles of the Declaration of Helsinki and the standards of good clinical practice, and was approved by the Institutional Review Board and Ethics Committee (06-007) of Barnabas Health Community Medical Center.
Data analysis
The major primary outcome was in-hospital mortality. We initially examined the association between RAAS inhibition (use of ACEIs and/or angiotensin II-receptor blockers [A2RBs]) and in-hospital mortality for the entire population of 2,361 consecutive elderly ADCHF patients. We then performed risk-factor analyses for in-hospital mortality in a cohort of 419 of these patients for whom we had sufficient clinical and laboratory data. Specifically, the impact groups for which we performed risk-factor analysis were the entire cohort (n=419), subcohorts in which RAAS inhibitors were either administered (ACEI/A2RB group, n=251) or not administered (no-ACEI/A2RB group, n=168), subcohorts of survivors (n=368) and nonsurvivors (n=51), and subcohorts of patients who developed or did not develop CRS1, according to either of the two definitions (∆SCr ≥0.3 mg/dL or ≥0.5 mg/dL). Stratification of patients into the no-ACEI/A2RB and ACEI/A2RB subcohorts was based solely on in-hospital usage. Patients in the no-ACEI/A2RB subcohort did not receive ACEIs/A2RBs at any time during their hospitalization, whereas patients in the ACEI/A2RB subcohort received ACEIs/A2RBs at least once during their hospitalization, regardless of duration of administration, whether initiated inhospital or continued from outpatient prescription. Therefore, for example, a patient in whom ACEIs/A2RBs were stopped prior to hospitalization was placed into the no-ACEI/A2RB subcohort.
Summary statistics were computed for the entire cohort of 419 patients, ACEI/A2RB vs no-ACEI/A2RB subcohorts, for the survivor vs nonsurvivor subcohorts, and for the CRS1 vs no CRS1 subcohorts. We performed both univariate and multivariate analyses. Continuous variables are expressed as mean ± SD, and were compared with Student's t-test or the Wilcoxon rank-sum test, as appropriate. Categorical values were compared with Pearson's c 2 . Kaplan-Meier survival curves and log-rank analyses were stratified according to the development of CRS1 by the two definitions given and according to ACEI/A2RB usage in patients developing or not developing CRS1, also by the two definitions given. Variables that were significant by univariate analysis at P<0.05 were candidates for multivariate analysis. Multivariate analysis, either multiple logistic regression or Cox proportional hazards, both with forward variable selection, was performed to determine variables independently predictive of mortality. Cox proportional-hazard analysis was performed only when CRS1 was not a variable, in order not to violate the assumption of constant proportionality.
Step selections were based on the maximum-likelihood ratio. For continuous variables, ORs represent the relative amount by which the probability of obtaining the outcome variable increased or decreased when the independent variable was increased by exactly 1 unit. ORs and 95% CIs were determined by exponentiation of the regression coefficient and its upper and lower CI, respectively.
Results
Association of ACEI/A2RB usage with decreased mortality and decreased development of CRS1 in elderly ADCHF patients
To determine the impact of ACEI/A2RB usage on in-hospital mortality and development of CRS1 in elderly patients with ADCHF, we retrospectively evaluated 2,361 consecutive patients admitted with a diagnosis of ADCHF. Of these, 1,726 (73%) received ACEI/A2RB therapy. In-hospital mortality decreased significantly in patients receiving ACEIs/A2RBs (6.8% vs 32.8%, OR 0.34, 95% CI 0.25-0.49; P=0.00001; Table 1 ). The development of CRS1 was significantly associated with increased in-hospital mortality (6 
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As multiple acausal explanations may exist for an association between ACEI/A2RB usage and decreased in-hospital mortality, we addressed this issue more closely in a cohort of 419 patients for whom we had complete clinical and laboratory data ( Table 2 ). A total of 251 patients (61%) in this cohort received ACEI/A2RB therapy. Although mortality was increased in the study cohort compared with the entire population (12.2% vs 4.6%), ACEI/A2RB usage was again associated with a decreased risk of in-hospital mortality (8.0% vs 18.5%, OR 0.38, 95% CI 0.21-0.74; P=0.001; Table 2 ). One potential explanation for the greater mortality within the study cohort is that patients with more severe illness on presentation were more likely to receive a more extensive clinical and laboratory work-up. Regardless of the explanation, it is notable that despite overall increased inhospital mortality, the protective association of ACEI/A2RB usage with increased in-hospital survival was replicated in the study cohort of 419 patients.
As for the entire study population, there was no statistically significant difference in the development of CRS1, defined as ∆SCr ≥0.3 mg/dL, for patients receiving vs not receiving ACEI/A2RB therapy (22.3% vs 18.5%, OR 1.25, 95% CI 0.78-2.07; P=0.34; Table 2 ). When CRS1 was defined more strictly as ∆SCr ≥0.5 mg/dL, ACEI/A2RB usage became associated with lower incidence (12.4% vs 20.3%, OR 0.56, 95% CI 0.33-0.95; P=0.029; Table 2 ). This raises the possibility that ACEI/A2RB usage may reduce mortality by protecting ADCHF patients from developing CRS1.
Univariate and multivariate analyses of risk factors for in-hospital mortality of ADCHF patients
To determine factors predictive of in-hospital mortality and to examine more closely the possible protective role of ACEI/ A2RB usage, we analyzed multiple demographic, clinical, and laboratory variables routinely obtained on admission in our study cohort of 419 elderly patients admitted with ADCHF. Table 3 gives the results of a univariate analysis comparing survivors vs nonsurvivors. Admission demographic, clinical, and laboratory values associated with an increased risk of mortality were increased age (P=0.009), usage of inotropes (P=0.0001), development of CRS1, defined as either ∆SCr ≥0.3 mg/dL (P=0.00001) or ∆SCr ≥0.5 mg/dL (P=0.00001), usage of darbepoetin (P=0.024), reduced renal function on admission defined by decreased eGFR (P=0.009), elevated SCr levels (P=0.02), elevated BUN (P=0.001), and increased BNP (P=0.010). Increased risk of mortality was also associated with lack of ACEI/A2RB usage (P=0.001), lack of usage of β-blockers (P=0.006), and absence of CAD (P=0.005). Most of these univariate predictors of in-hospital mortality were in accord with previous studies, and may be grouped into categories of greater severity of ADCHF (usage of inotropes and increased BNP), preexisting renal dysfunction (decreased eGFR, increased SCr, increased BUN, and usage of darbepoetin), and development of CRS1. The absence of usage of β-blockers and CAD may be acting as surrogates for another factor linked to Notes: Values expressed as n (%); ORs and 95% CIs presented for discrete binary variables. All variables, except for the development of CRS1, were determined on the day of admission. CRS1 is based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; CRS1, cardiorenal syndrome type 1; SCr, serum creatinine. Notes: Values expressed as mean ± SD or n (%); ORs and 95% CIs presented only for discrete binary variables. Conversion factors for SI units: SCr, mg/dL × 88.4 = mmol/L; BUN, mg/dL × 0.375 = mmol/L. All variables, except for the development of CRS1, were determined on the day of admission. CRS1 based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; AFib, atrial fibrillation; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CAD, coronary artery disease; CKD, chronic kidney disease; CRS1, cardiorenal syndrome type 1; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hct, hematocrit; Htn, hypertension; SCr, serum creatinine. Notes: ORs and 95% CIs presented for discrete binary variables. All variables, except for the development of CRS1, were determined on the day of admission. CRS1 based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; BUN, blood urea nitrogen; CAD, coronary artery disease; CRS1, cardiorenal syndrome type 1; SCr, serum creatinine.
decreased mortality in ADCHF patients. Alternatively, recent data suggest that use of β-blockers in patients with ADCHF may decrease mortality. 21 Finally, replicating the results of Table 1 , ACEI/A2RB usage was associated with decreased mortality. It is pertinent to note that there was no significant difference in rate for history of chronic kidney disease in the development of CRS1 defined by either ∆SCr ≥0.3 mg/dL or ∆SCr ≥0.5 mg/dL (36% OR 1.14, 95% CI 0.760-1.174%, P=0.50; 43%, OR 1.36, 95% CI 0.80-2.3; P=0. 25) .
There was limited classification based on ICD9-CM documentation as to etiology of ADCHF, and in 237 patients (57%) cause was not specified. Of the remaining 182 patients, documentation revealed the causes of ADCHF to be systolic dysfunction 6.4% (n=27), diastolic dysfunction 5% (n=21), valvular heart disease 27% (n=113), and hypertensive heart disease 5% (n=21). There was no statistically significant difference in mortality among causes of ADCHF (P=0.52).
To identify independent predictors of mortality, we next performed multiple logistic regression analysis with forward variable selection. In descending order of coefficient of determination, independent predictors of mortality were development of CRS1 defined as ∆SCr ≥0.5 mg/dL, lack of usage of ACEIs/A2RBs, increased BUN on admission, and increased age (Table 4) . To better understand the role of CRS1 and to determine whether its definition altered the association, we repeated the multiple logistic regression analysis, retaining one or the other definitions of CRS1, but not both, in the forward variable selection. As expected, when CRS1 was defined as ∆SCr ≥0.5 mg/dL, the same four variables emerged as independent predictors of mortality, and in the same order of coefficient of determination (Table 4) . When CRS1 was defined less strictly as ∆SCr ≥0.3 mg/dL, increased BUN on admission dropped out, and inotrope usage and absence of CAD entered as independent risk factors for mortality (Table 4) . Taken together, these data suggest that while the development of CRS1, regardless of definition, is associated with increased mortality, a greater rise in SCr (≥0.5 mg/dL) may be the stronger risk factor. Moreover, the fact that in all three analyses, lack of ACEI/ A2RB usage and development of CRS1 emerged as independent risk factors suggests that the association between ACEI/A2RB usage and reduced mortality is independent of any effect of ACEIs/A2RBs on the likelihood of developing CRS1 during hospitalization. To confirm the association between the development of CRS1 and in-hospital mortality, we used Kaplan-Meier survival analysis to compare the outcomes of patients who did or did not develop CRS1 during their hospitalization (Figure 1 
No CRS1 CRS1
Percentage survival Figure 1 Kaplan-Meier survival analysis of the effect of CRS1 on mortality. Notes: Kaplan-Meier survival curves and log-rank analyses for the effect of the development of CRS1, defined as ∆SCr ≥0.3 mg/dL (A) or ∆SCr ≥0.5 mg/dL (B), on in-hospital mortality among patients ≥65 years of age and admitted with a diagnosis of ADCHF. Abbreviations: CRS1, cardiorenal syndrome type 1; ADCHF, acute decompensated congestive heart failure. Comparison of risk factors for in-hospital mortality in ADCHF patients receiving vs not receiving ACEIs/A2RBs
We next addressed the nature of the association between ACEI/A2RB usage and decreased in-hospital mortality.
We first compared baseline characteristics of patients who received ACEIs/A2RBs vs those who did not (Table 5 ). On univariate analysis, patients who did not receive ACEIs/ A2RBs were characterized by increased admission BUN and SCr, reduced eGFR on admission, greater likelihood of usage of inotropes, darbepoetin, and β-blockers, and lower prevalence of hypertension. These results suggest that ACEI/ A2RB usage may have been limited by two major factors: severity of ADCHF (usage of inotropes) and renal insufficiency on admission (increased BUN and SCr, reduced eGFR, and darbepoetin usage). Despite these baseline differences, suggesting greater severity of disease in patients not given ACEI/ARB, multivariate analysis demonstrated a lack of ACEI/A2RB usage still emerges as an independent risk factor for mortality (Table 4) . To better understand the role of ACEI/ARB usage, we next determined separately risk factors for mortality in those patients who received ACEIs/A2RBs (n=251) vs those who did not (n=168; Tables 6 and 7) . By univariate analysis, risk factors for mortality in patients who received ACEIs/ A2RBs were inotrope usage, absence of CAD, development of CRS1 regardless of definition, and reduced eGFR on Notes: Values expressed as mean ± SD or n (%); ORs and 95% CIs presented only for discrete binary variables. Conversion factors for SI units: SCr, mg/dL × 88.4 = mmol/L; BUN, mg/dL × 0.375 = mmol/L. All variables, except for development of CRS1, determined on day of admission. CRS1 based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; AFib, atrial fibrillation; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CAD, coronary artery disease; CKD, chronic kidney disease; CRS1, cardiorenal syndrome type 1; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hct, hematocrit; Htn, hypertension; SCr, serum creatinine.
admission (Table 6 ). On multiple logistic regression analysis, only reduced eGFR on admission and development of CRS1 defined by ∆SCr ≥0.5 mg/dL were independent predictors of in-hospital mortality (Table 8) . Similar results were obtained for patients who did not receive ACEIs/A2RBs. Risk factors on univariate analysis were inotrope usage, development of CRS1 regardless of definition, darbepoetin usage, and greater age (Table 7) . Independent predictors of mortality were greater age and development of CRS1 defined by ∆SCr ≥0.5 mg/dL (Table 9) . For both groups, the results of multiple logistic regression analysis were essentially unchanged when we repeated the analysis, retaining one or the other definitions of CRS1, but not both, in the forward variable selection (Tables 8 and 9 ).
Taken together, these data suggest that irrespective of ACEI/A2RB usage, the most important risk factor for in-hospital mortality was the development of CRS1. This was true despite baseline differences between patients who received and did not receive ACEIs/A2RBs (Table 5 ), suggesting that any impact of these differences in determining risk of mortality is overridden by the occurrence of CRS1.
Comparison of risk factors for in-hospital mortality in ADCHF patients stratified according to development of CRS1
In light of the apparent dominance of CRS1 as a risk factor for mortality, we performed separate risk-factor analyses Notes: Values expressed as mean ± SD or n (%); ORs and 95% CIs presented only for discrete binary variables. Conversion factors for SI units: SCr, mg/dL × 88.4 = mmol/L; BUN, mg/dL × 0.375 = mmol/L. All variables, except for development of CRS1, determined on day of admission. CRS1 based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; AFib, atrial fibrillation; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; CAD, coronary artery disease; CKD, chronic kidney disease; CRS1, cardiorenal syndrome type 1; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hct, hematocrit; Htn, hypertension; SCr, serum creatinine.
for patients who did and did not develop CRS1. Our aim in doing this was to clarify further the role of ACEI/A2RB usage and other potential risk factors distinct from that of the development of CRS1. By univariate analysis, among patients who developed CRS1 defined by ∆SCr ≥0.3 mg/dL (n=144), risk factors for mortality were older age, severity of ADCHF (usage of inotropes and increased BNP), and baseline renal insufficiency (reduced eGFR and usage of darbepoetin). Of these, only older age and reduced eGFR on admission were independent predictors of mortality (Table 10) . Similarly, among patients who developed CRS1 defined by ∆SCr ≥0.5 mg/dL (n=65), univariate risk factors for mortality were severity of ADCHF (increased BNP) and baseline renal insufficiency (usage of darbepoetin). There was no statistically significant difference among causes of ADCHF with the development of CRS1 defined as a rise in SCr ≥0.3 mg/dL (P=0.96) or CRS1 defined as a rise in SCr ≥0.5 mg/dL (P=0.97). On multivariate analysis, there were no independent predictors, most likely because of the small number of patients developing CRS1 by this definition.
Among patients who did not develop CRS1, univariate risk factors for mortality were the same, irrespective of whether CRS1 was defined by ∆SCr ≥0.3 mg/dL (n=275) or by ∆SCr ≥0.5 mg/dL (n=354). These were older age, severity of ADCHF (usage of inotropes, higher serum Na, elevated BUN, elevated BUN:SCr ratio), presence of hypertension, absence of CAD, lack of usage of β-blockers, and lack of usage of ACEIs/A2RBs. Of these, hypertension, higher serum Na, and lack of usage of ACEIs/A2RBs were independent Notes: ORs and 95% CIs presented for discrete binary variables. All variables, except for development of CRS1, determined on day of admission. CRS1 based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; CRS1, cardiorenal syndrome type 1; eGFR, estimated glomerular filtration rate; SCr, serum creatinine. Notes: ORs and 95% CIs presented for discrete binary variables. All variables, except for development of CRS1, determined on day of admission. CRS1 based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; CRS1, cardiorenal syndrome type 1; eGFR, estimated glomerular filtration rate; SCr, serum creatinine.
predictors of mortality (Table 10 ). While the emergence of higher serum Na as an independent predictor of mortality in ADCHF patients may appear inconsistent with the reported literature, 22 several studies have found that both hypernatremia and hyponatremia are associated with increased mortality in patients with ADCHF. 23 To confirm the association between lack of usage of ACEIs/A2RBs and in-hospital mortality when patients were stratified according to the development of CRS1, we used Kaplan-Meier survival analysis (Figure 2 ). In accordance with the results of multivariate analysis, survival was significantly better with usage of ACEIs/A2RBs among patients who did not develop CRS1, irrespective of whether CRS1 was defined by ∆SCr ≥0.3 mg/dL (P=0.0048) or by ∆SCr ≥0.5 mg/dL (P=0.0499). Among patients who developed CRS1, though there was a trend toward improved survival Notes: ORs and 95% CIs presented for discrete binary variables. All variables, except for development of CRS1, determined on day of admission. CRS1 based on peak SCr during hospitalization. Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure; CRS1, cardiorenal syndrome type 1; SCr, serum creatinine.
Figure 2
Kaplan-Meier survival analysis of the effect of administration of ACEIs/A2RBs on mortality. Notes: Kaplan-Meier survival curves and log-rank analyses for effect of administration of ACEIs/A2RBs on in-hospital mortality among patients ≥65 years of age and admitted with a diagnosis of ADCHF. Separate curves and analyses given for patients either developing or not developing CRS1 defined by ∆SCr ≥0.3 mg/dL or ∆SCr ≥0.5 mg/dL. Separate curves and analyses are given for patients either not developing CRS-1 (A, C) or developing CRS-1 (B, D), as defined by ΔSCr ≥ 0.5 mg/dL (A, B) or ΔSCr ≥ 0.3 mg/dL (C, D). Abbreviations: A2RB, angiotensin II-receptor blocker; ACEI, angiotensin converting-enzyme inhibitor; ADCHF, acute decompensated congestive heart failure. with ACEI/A2RB usage, this effect was not significant. These analyses demonstrate the potential dominance of CRS1 as a risk factor for mortality in patients with ADCHF that may blunt the survival advantage of ACEI/A2RB use.
Discussion
The development of CRS1 is a complex and multifactorial pathophysiological disorder, with abnormalities or imbalances within multiple systems, including the RAAS, 
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Iglesias et al sympathetic nervous system, venous circulation, renal hemodynamics, and endogenous renal vasodilators and constrictors. As a result, it is likely that CRS1 is not one single entity, but instead comprised of several distinct entities, each with its own pathophysiological mechanism and its own potentially distinct impact on mortality. 1, 10 Therapeutic measures that can lead to WRF, such as the use of ACEIs/A2RBs, may not necessarily increase the mortality associated with CRS1, and under certain circumstances may even improve clinical outcome. 8, 15, 24, 25 Therefore, teasing apart the interaction and independent roles of CRS1 and ACEI/A2RB usage in determining in-hospital mortality among patients admitted with ADCHF can be extremely challenging.
In this study, we applied a risk-adjusted approach to determine the effect of ACEI/A2RB usage on short-term in-hospital mortality in a cohort of elderly ADCHF patients. Specifically, we sought to distinguish the role of ACEI/A2RB usage independently of that of the development of CRS1, a known risk factor for in-hospital mortality. 4, 5, 26, 27 Overall, our data suggest that lack of ACEI/A2RB usage and the development of CRS1 are statistically independent predictors, with the development of CRS1 being the stronger of the two risk factors for in-hospital mortality.
Our study population consisted of 2,361 consecutive elderly patients admitted with a diagnosis of ADCHF to a nonteaching community hospital. Risk-factor analysis was limited to a cohort of 419 patients for whom we had complete clinical and laboratory data. For both the entire study population and the cohort of 419 patients, the development of CRS1 was strongly associated with in-hospital mortality (Tables 1 and 3) . Indeed, as demonstrated by multivariate analysis, the development of CRS1 was the strongest independent predictor of mortality (Table 4) . This was true irrespective of the definition of CRS1, ∆SCr ≥0.3 mg/dL or as ∆SCr ≥0.5 mg/dL. Notably, in accord with previous studies by Daman et al and Parikh et al, [28] [29] [30] our data suggest that increasing severity of CRS1 is associated with an increasing risk of mortality. This was evident in several ways. First, on univariate analysis, the OR for mortality was more than double for patients developing CRS1 defined by ∆SCr ≥0.5 mg/dL vs those developing CRS1 defined by ∆SCr ≥0.3 mg/ dL (Table 3 ). This was confirmed on multivariate analysis, as the β-coefficient for development of CRS1 defined by ∆SCr ≥0.5 mg/dL was around double that of CRS1 defined by ∆SCr ≥0.3 mg/dL (Table 4) . Second, when patients were stratified according to ACEI/A2RB usage, development of CRS1 regardless of definition persisted as the strongest predictor of mortality (Tables 8 and 9 ). In both cases, the β-coefficient for development of CRS1 was greater with the stricter definition of CRS1. Finally, by Kaplan-Meier survival analysis, a significant difference in mortality was observed only when patients were stratified according to the stricter definition of CRS1 (Figure 1) .
Therefore, while development of CRS1 is associated with increased mortality among elderly patients admitted for ADCHF, its specificity as a risk factor appears to increase with the strictness of the definition of CRS1. These findings are consistent with those of a meta-analysis in ADCHF patients demonstrating a biological gradient between severity of CRS1 and increased mortality. 28 The role of ACEI/A2RB usage is more complex, and its effects on survival must be disentangled from its effects on the development of CRS1. For example, an association between ACEI/A2RB usage and reduced mortality may occur through renal protection and reduced incidence of CRS1, or it may even be independent of the renal effects of RAAS blockade. In this study, ACEI/A2RB usage was associated with reduced mortality within both the entire population (Table 1 ) and the study cohort (Table 2) . ACEI/ A2RB usage was also associated with reduced incidence of CRS1 in the study cohort, though only when a stricter definition of CRS1 was applied (Table 2) . Notably, as shown by multivariate analysis (Table 4) , at least part of the protective association between ACEI/A2RB usage and reduced mortality was independent of an effect of ACEI/A2RB usage on the likelihood of developing CRS1. Therefore, regardless of the definition of CRS1, lack of ACEI/A2RB usage emerged as an independent risk factor for mortality. In fact, when the stricter definition of CRS1 was applied (∆SCr ≥0.5 mg/dL), the β-coefficient for ACEI/A2RB usage was exceeded only by that for the development of CRS1 (Table 4) .
These data do not in and of themselves establish a causal relationship between ACEI/A2RB usage and reduced mortality. Lack of ACEI/A2RB use may instead be a surrogate for another direct determinant of mortality, such as circulatory and/or renal limitations of ACEI usage, including WRF and hyperkalemia, and accounted for their failure to be on ACEIs/ A2RBs during an index hospitalization. For example, failure to use ACEIs/A2RBs may reflect physicians' concerns over the potential adverse effects of RAAS blockade, especially WRF, and thus be a marker of increased severity of ADCHF, an obvious risk factor of mortality. Possibly consistent with this interpretation, univariate comparison of the subgroups of patients receiving vs not receiving ACEIs/A2RBs suggested that ACEI/A2RB usage was limited by two major factors: severity of ADCHF and baseline renal insufficiency (Table 5 ). Nevertheless, despite these differences between patients who received and did not receive ACEIs/A2RBs, the most important risk factor of in-hospital mortality in both subgroups by multivariate analysis remained the development of CRS1 (Tables 8 and 9 ). In fact, markers of the severity of ADCHF were not retained as independent predictors of mortality. Rather, for patients receiving ACEIs/A2RBs, reduced eGFR upon admission was the only other independent predictor, while for patients not receiving ACEIs/A2RBs, more advanced age was the only other predictor.
To clarify the role of ACEI/A2RB usage, distinct from that of development of CRS1, we performed separate risk-factor analyses for patients who did and did not develop CRS1. By Cox proportional-hazard analysis, among patients who did not develop CRS1, irrespective of definition, independent risk factors for mortality were presence of hypertension, lack of ACEI/A2RB usage, and higher serum Na (Table 10) . Among patients who developed CRS1 defined by ∆SCr ≥0.3 mg/dL, independent risk factors were greater age and reduced eGFR on admission. Finally, among patients who developed CRS1 by the stricter definition of ∆SCr ≥0.5 mg/dL, there were no independent predictors, most likely because of the small number of patients developing CRS1 by this definition.
These results were confirmed by Kaplan-Meier survival analysis. As with Cox proportional-hazard analysis, survival was significantly better with ACEI/A2RB usage among patients who did not develop CRS1, irrespective of definition. Among patients who developed CRS1, there was an insignificant trend toward improved survival with ACEI/ A2RB usage. From a management perspective, it is clearly impossible to predict which patients will develop CRS1. While the beneficial association with ACEI/A2RB usage is confined to patients not developing CRS1, the absence of an adverse association and even a trend toward benefit among patients developing CRS1 can be seen as encouraging.
It is worth noting that two established risk factors for CRS1 in the setting of ADCHF -use of nonsteroidal antiinflammatory drugs (NSAIDs) and radiographic contrast dye 1,31,32 -seem not to have played a role in the current study. No patient in our study was prescribed NSAIDs at the time of admission, nor was any patient administered NSAIDs while hospitalized. We cannot exclude the possibility that patients took NSAIDs without prescription prior to hospitalization. Also, no patient received an acute angiographic procedure, since the hospital was not approved for acute coronary angiographic intervention during the period of study.
There are several limitations to our study. First, its retrospective nature limited our ability to determine and adjust for all differences in baseline characteristics and comorbidities. Second, there were insufficient data to adjust for unmeasured potential confounders, such as proteinuria, 1 or markers of clinical response, such as increased urine output. Third, there were insufficient data to adjust for titration of ACEI/ A2RB dose or exact timing and duration of ACEI/A2RB administration. Furthermore, there were insufficient data to determine if there occurred cardiohemodynamic instability limiting ACEI/A2RB use or resulting in the discontinuation of therapy. Therefore, stratification of patients into ACEI/ A2RB usage vs nonusage was based solely on in-hospital administration. Finally, the diagnosis of ADCHF was based solely on clinical criteria, and did not include measurements of ejection fraction or systolic function.
The phenomenon of ecological fallacy in a sense is a potential issue for any retrospective study in which subgroups are analyzed. Awareness of this issue helped to guide our approach and analysis. As such, we analyzed the potential impact of ACEIs/A2RBs not only by several stratifications -entire population (Tables 1 and 2 ), survivors vs nonsurvivors (Tables 3 and 4) , CRS1 vs No CRS1 (Table 10) , and ACEIs/A2RBs vs no ACEIs/A2RBs (Tables 5-7) -but also by complementary statistical approaches (multivariate and Kaplan-Meier survival analyses). The consistency among these approaches and analyses, while in no way conclusive, does suggest the potential importance of our findings and indicates the need for future prospective controlled studies.
Despite these limitations, a major strength of our study is its study population, which comes from a large community hospital and is thus clinically and demographically similar to elderly ADCHF patients in the general population. The rate of ACEI/A2RB use in our patient population was consistent with published heart-failure registry data that demonstrated wide variability in ACEI/A2RB use in eligible hospitalized patients: 56%-87%. 33, 34 Moreover, sufficient data were available to permit adjustment for many comorbidities and prognostic factors known to affect the clinical outcome of elderly ADCHF patients.
In summary, we report that within a cohort of elderly patients admitted with a diagnosis of ADCHF, the most dominant risk factor for short-term in hospital mortality was the development of CRS1. The strength of this risk factor is supported by its graded effect, with increasing severity of CRS1 associated with increased risk of mortality. Lack of ACEI/A2RB usage also emerged as an independent risk factor for mortality in the entire cohort. On subgroup analysis, although this association was significant only among patients not developing CRS1, no adverse association or even 
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Iglesias et al a trend toward a beneficial association was seen in patients who developed CRS1. This suggests at worst a neutral effect associated with the decision to use ACEIs/A2RBs. While it remains unclear whether lack of ACEI/A2RB usage is causally related to increased mortality or merely an epiphenomenon reflective of another risk factor inducing physicians to forego ACEIs/A2RBs, our findings nonetheless indicate the need to address this issue in future prospective studies.
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